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Abstract

e AIM. To identify the primary active components and
underlying mechanisms of Yijing Decoction (YJD) in
treating early diabetic retinopathy (DR) based on liquid

chromatography - mass spectrometry and network
pharmacology.
e METHODS. Active components of YJD were

characterized through LC-MS. Components with optimal
ADME (absorption, distribution, metabolism, excretion)
properties were selected as key bioactive candidates.
Network pharmacology approaches were employed to
predict YJD - DR therapeutic targets. Protein - protein
interaction ( PPl ) networks, gene ontology ( GO)
enrichment analysis, and Kyoto Encyclopedia of Genes
and Genomes ( KEGG ) pathway analysis were
subsequently conducted to predict core targets and
networks.  Critical pathways  were
experimentally validated through Western blot.

targets and
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¢ RESULTS: Ten core therapeutic targets were identified,
including TNF, Alb, EGFR, STAT3, PTGS2, ESR1, PPAR,
MMP9, TLR4, and MAPK. YJD was related to cancer -
related signaling, fluid shear stress and atherosclerosis,
and neurodegenerative diseases,
biological processes such as inflammatory response
regulation, programmed cell death activation, and
enhanced cell migration. Furthermore, Western blot
analysis confirmed that YJD significantly inhibited high
glucose-induced phosphorylation of STAT3 (P-STAT3/

encompassing key

STAT3 ) and ERK (P-ERK/ERK) in rat retinal
microvascular endothelial cells.
e CONCLUSION:; This study revealed YJD’s

pharmacodynamical basis and its multi - component,
multi-target, and multi- paths pharmacology. YJD exerts
therapeutic effects on DR by coordinately regulating
critical signaling pathways and alleviating intraocular
inflammation, thus preserving retinal vascular endothelial
cells, maintaining blood - retinal barrier integrity, and
facilitating retinal neurovascular repair.
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PG EAEE R L, PE TG DR I EA A/
B, ZOEFE RN, h BE 2 PR S 2 R E X
DR A HAF I T HRCR" | JUHAE 03 BT Ar AR 7
RO HACORNE J1 o WD 253897 Bm L 5 4
PESRAC PR , 5 200 BT i SE s S R 2 0 Oy ok 4R s
25506 Z 18] 9 5 4 A AR T . 9 2% 25 312 (network
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LC-MS) AR5 NP W55 J i, %5 15 5% 1 10 U] 68 16 M Ak
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PP R
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1.1 &7

11 AREFR S A 050 UL A 45 P R 20
Jifd (rat retinal microvascular endothelial cells, rRMECs ) #£, )
HRPGE P AL R A R | (CP-R114) . rRMECs #
FhF 10% 645 M3 1% 75 —5ERE R 1% N K 20 M AE KA FE 7]
() ECM R 3:5Eh JHOA 37 °C 5% CO, AR, Y4
JFE AT 80% T, 4% 1:2 L BIAEAR, B 23 AR A A HEA T 5250
¥ rRMECs FtIL53"A =41 . X B ZH (CG 41,5.5 mmol/L %)
B ECM 555558 =bE4] (HG 41,33 mmol/L #j 254 ECM
B R AH(YC A, 33 mmol/L FZ it +4 mg/mL
fi 50 ECM 5548 ) . R A Ml & 2 80% -90% B,
FE AT 40N AKE R 5 F2 B4 PRG35 24 h,

112 Bl 5K S ROR AN N A E B N A
FR &Lk W 78 L JE 7R 2 90 08 A, A A2 i R 3
P15 (3% 2% . GAPDH Hi ik (525 60004 -1 -
lg, B = & =W H AR A BRA ), STAT3 $iik (175
10253-2-AP , I =B AW H ARG R/ F]) ,P-STAT3 #1
K (585 AF3293) ,ERK Hifk (585 11257-1-AP i =
JE&E ARG BRA T, P-ERK B4k (585 AF1015, 3£ [H
Affinity A F]) o g (AEEE 15 g L2515 ¢ AR 9 ¢,
BE15 ¢ 0465 ¢ . H9 ¢ JIE5 6 ¢ ARAT10 g ARE 15 ¢
ML LS5 ¢ XS 15 ) WA BRSEZNL (Th M) BT
6 2020 FF R E 25 By AR, BRI AR R R 2 K
2= MmN R B 25 R B R 2 50 mL £ H

113 MNB/EEE &R (585 UliMate
3000, 56 FEFE R R B A ) 5 4 BB { (QTOF
5600, 35 [F ABSCIEX A #]) ;T3 3% 4 (1.8 wm,2.1 mmx
100 mm, 3£ [E Waters 28 F ) ; 8 H M H H KL (K5
POWER PAC 200, £ [ BIO-RAD A ) ; B (175
TOUCH IMAGER xli, Bt Z AR A R A D) |

1.2 %

1.2.1 LC-MS #ills= =iFEEiFH

1.21.1 RS FHIFFIAE  Hi55 5% 500 L, F 13 000 1/min
R B0 10 min B EALSI

1.2.1.2 LC-MS &#% (1) @M N C18(1.9 pm,
2.1 mmx100 mm) , #7745 °C 43 F 3 0.3 mL/min,
AR 0.1% F R/ 25 (B) —0.1% HER/7K (A) , &
WEREEVERR P L3R 1, (2) B2 S Fn e
F 525 H1 55 (electron spray ionization , ESI) ¥, 25 i & &
310 °C , BANEEE 320 °C ¥ % 30 A7, Sl B /<
10 B IE B PN 5 B 3 KV, B AR It 25 i TR
2.8 kV, (3) 43 Hr: R FECHE A 361 494 43 B ( DDA ) | loop
count & 7€ fH 4 10, HCD A K H step—wise I — b filf i
fiE, BOEH 10,28 35 eV, — B4 E 80-1 200 m/z,
PRI 70 000, AGC target %5 4 3E6, 1 AT A] 5
A 200 ms, RIS PRI N 17 500, AGC target " E
A 1ES, AR EEE R 50 ms,
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R1 RPEHERHER %
1) ( min) A(0.1% WER/K)  B(0.1% HE/ ZNE)
0 90 10
10 0 100
15 0 100
17.1 90 10
20 90 10
121.3 ST MWW 4 134 2 b 38 51

Compound discover V 3.2 (hermo fisher scientific, CA, USA)
H 38 R BOE E (£ 7% chemspider #4) $ 4 )& CHEBI,
CHEMBL, KR MP8Hia 5 , s B Bdie 4, OTC Hh 25 048
ALK mzCloud B 1255 ) | 73 #r vl BEAFAE B AL 57 a0 o
122 BE2FTEFERSBEREIFIE Hobrihkn
A28 1 41 44 R 2 A PubChem %% 4% % ( https://pubchem.
nchi.nlm.nih. gov/) , RAEAAES Y SMILES 5 & 2D 4+
KK 2D 43 F K # A SwissTargetPrediction £% 3 & , #3245
GI absorption 4 “ High” H. Druglikeness 2 /b 2 I 25 “ Yes”
H) ADME J& PE{E #47 = 205 P o3 i i, 3R 15 6 AL &
W)U T FLAE 2 A R O R A RS, B — A
Uniprot 25 [ FUEUHE & (https : //www. uniprot. org ) ¥ 1b &4
VEFH A 2R BT R AT R

1.2.3 DRBAXEATHFIE L)L “Diabetic Retinopathy”ﬁilﬂ‘é%ﬁ
1] ¥4 GeneCards %0 3% % ( https ://www. genecards. org ) .
OMIM %48 1% ( http ://www. omim. org ) | DisGeNET B R
(https ://disgenet.com/ ) {47 DR BITETERE A, &9 3 4>
PRI B PEHE AU IR B 52 (45 31 DR YA A

124 FRFHEEF MM S—DR = PPl W& HE
A 25 500 E G VERL S IRV RE RUE A 5 DR ARG,
T I SR S B AR AR L m] A #E A 3X
SO AR BL D RN N 2 45 51697 DR RIS TERE A, o)
BT T 70 B A 2 ) T 8RN 15 A AH FAE R e R B A i 52
% STRING12.0 %45 ¢ ( https : //string—db. org ) L0 3y 7 T
FBAH FAE T (PPL) M) 26 B Y | 15 5 A= ) F 2E y “ Homo
sapiens” , W 7 fix M1k H. A VE F 18 {8y « highest confidence”
(>0.9), i#it Cytoscape3.7.2 M v ) MCODE 544 %6t
PP W28 47 al AR AL , 75 31 32 B0 1 il o ——A% O s Y
2% TR SOATRYT DR BB TE A Wb R

125 HBEFFER S —DREBAIRESERHNESE
S ¥ % R %G DR A HE B S A Metascape - 5
(https://metascape.org/ ) "' | PEAT HUARIE N 5 5L 4 F B
A5 (KEGG) 155 38 I F 2 AR (GO) & 5001, LA
PRIT 55 5077697 DR B OCHE 5l Bk 5 A Y 2E a2
1.2.6 Western blot L3838 9E  F] Western blot 4G I =
2H STAT3 .p—STAT3 .ERK .p—ERK f 57K, $ 55 7 1L
HiY) rRMECs FIT02 PBS 153 3 U, ITA RIPA 2 22 i
WE T oK F 2 AN 30 min, 250 2400 72 W) Jn B R
e 2= HA ik BCA IR e il A, H&A+ =
SEFEAR IR AN ( sodium dodecyl sulfate, SDS) B9 I #F 5% ik 22
PEEE FURE i, AR5 55 2 (R i ] SDS — 28 TR 945 T i 56 e
FLUK IR B, P 7% 22 R A 9 £ 4 ( polyvinylidene fluoride,
PVDF) i |, BEZZR T S%BRR WK £ 1 h 4 CTF—
PL(1:2000 i B¢ ) 280 7 o A= T 9T (1: 10000 Fi
BOWEE | h 5, BE a1 BCL iR F &b H 5, R T

ChemiDoc XRS % 4t ( Bio-Rad) UL W 251K 1 447, IF H
Image Lab 14 ( Bio—Rad) £ &, LA GAPDH A NS E
KK

B2 307 . K Graph 8.0.2 B 4F #1788 40 #r , 44F
BRI H7 2255 1T OB DA B AR 2 (xts ) R
7N, SRR E 7 2253 M1 (ANOVA) #E 47 22 20 78 & [8] (1) A
AL, B HL R F LSD -1 KB, P<0.05 M ERA G
T E
2HR
21 LC-MS KM 5= AFEFERSHWINER
211 BlE@iERE I OE K (base peak chromatogram,
BPC) S AR f A~ Fsf 1] 6 ek 1Y) 285 5 3 3% 2 1R B 1Y
K, 245 B oot W 1.2,
2A2HFJAETEFEERSIRE LI IR LC-MS FF5E
{14 5 R A3 AT R , 34 3] 109 AN TE M ALY, 28 SwissADME
e e 1593 46 > FEIE S 4G . LS & B . DL
RIR L-RNEIR 4 AR L- Il =R 5 - 1 e
T 4-H oK R 2 A T R \L- B R\ D- R AWt
DL~ BERR F I LM R I B 1R B 5 B L-7
R RTWAE R (L- 93 R LT R R W R AR A
JH CytoScape 3.7.2 #4251l Hh £ 52 v 32 205 14 1L 4 )
Z%(K3),
22MRATEEMS DR XEWMAMKRE [k 46 1
FENE M B 49 5 SwissTargetPrediction 34 T3 45 2] 440
#0815 s GeneCards .OMIM 5 DisGeNET BIRFELERESITG
A3 DR HIPRAAS 1 795 4, i8] Venny2.1.0 7E£E 4
P B3R 4 507 BTG PR 535 DR IS SE 40 A5, T4
MR (B 4) ] F g 5 EEE S 5 DR LA
219 MAAEHL AL,
23 = iAARIT DRZDLE A PPl MEME %
STRING %¥E 22 P A5 1Y PPI 255 5 A Cytoscape 3.7.2 K
1, 25 22 5077697 DR 20088 51 PPT ZE I (181 5) |, Bl
B U BEAEBROR A € R 5 5 1 ) A D RE DG I B X 8, i 2k
MO BB AR BB S RTR, 5 SR YT DR A% OB
M A T AR T i SR 0N I 3 (signal transducer and
activator of transcription 3, STAT3) | i 88 2R HE ] F ( tumor
necrosis factor, TNF) | 44 [ (albumin, Alb) | 3 7 4 K
T2 ( epidermal growth factor receptor, EGFR) NElES
i & Ak ¥ & B ( prostaglandin endoperoxide synthase 2,
PTGS2) M & 321k 1 (estrogen receptor, ESR1) JTEAY
JEEAA 38 5 W) 380 1% 52 K ( peroxisome proliferative activated
receptor, PPAR) | 3 it 42 J& & 1 i 9 ( matrix metalloprotein
9,MMP9) .Toll FEZ AR 4( Toll-like receptor 4, TLR4) A
JE 6 AL 5 I B ( mitogen—activated protein kinase , MAPK)
S I ok SE R AR PR AT REULAE PP 2% vh & 42 8 OCHE I
PR
2.4 m=AHEIT DR A KEGG BE AT M CH A&
P9 DR B9 KEGG &40 Hr 4 R R W, £ 5114107 DR £
B I W) B L JRRE (S 53 [ ( pathways in cancer) | i
RBT Y] B H1 (fluid shear stress, FSS) 5 3l Jik 3 £ i 1k
(atherosclerosis ) | fft 28 1R 17 ¥ 28 1 i& 12 ( pathways of
neurodegeneration ) |, 5 — ¥ & % fig % fill ( serotonergic
synapse ) FSE TS 5l I (caleium signaling pathway ) &
WK 6,

1221



ERRRIAE 2025F 88 525% S8H  hitp://iesijo.cn
E315.029- 82245172 85205906 B8 F{=%5.1J0.2000@ 163.com

RT: 000-20.00
100 e NL:8.41E8
Base Pesk miz-
50.0000-1890.0000 F:
FIMS + pESIFUI ms
180.0000 1200.0000] MS
8484_20231009104616

Ralatve Aoudaoe
, B ERRBRBEEBABRIABREE

1901

™ T T L) e vt J
8 10 12 1“4 16 18 2
Time (min)

B smsipEBSFRIXTH BPC Il i 1o i il 2 5 176 il vh ao O B il

RT: 000-20.00
108

%0 NL:2.5¢E8
Base Peskmize
s 50,0000 1890.0000F:
FIMS - p ESIFul ms
L] 80.0003 1200 6000]
- MS 8482
&
75
)
- 104 ]
E & 53
1
2%
2
i
o
35
2
2
2 T a2t az
15
10
as1 872 19.5
° N
o
B
2 H 6 8 10 12 18 16 18 2

Time (min)

B2 #HEAHBEFEXTHBPC HAhRRE TR B RN 8 F7E @IS h A R B I,
Fanuc - Wi S5 .
Fon.etﬁ

L-@iigine
- -
Ononin L-Pheiffianine
phelioptern Calygosin
9-(2,3-diny ,rw;" D*

N-Acety-08@liBisoleucine Z-WWHWNXYN
o g

Gnmma”oomync x anhwmlne
P - & 2-Hyd wpro&:

Lw 4 y
. o e
L-wb LHyd”ﬂmﬁc
w : PVROﬁHUIC
2—Ino”ﬂdlc ch
Tarw&:

¢qumx-|dahyde
o*:"- " andelc | Alraw‘
g e
B3 #mI|FHETEBRMERDTWLE,

1222



Int Eye Sci, Vol.25, No.8 Aug. 2025 http.//ies.ijo.cn
Tel.029-82245172 85205906 Email :1J0.2000@ 163.com
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1576
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B4 #ERFEFUS DRIEEANFEE,

PARP1

AR
HSPOOAA1 o2

HSPA8 MAPK1
ERBB2 DHFR
KDR HSP90AB1

ALB EGFR ABCG2

CTNNB1 MAPK14
REN MAOA
CCND1
APP MDM2 ACE

MTOR
L2 TNF

PTPRC
RELA ITGB1 HSPAS5
NR3C1 rxc} BPARG

PTGS2 HDAC1
STAT3

ABCB1

CYP3A4
MMPY SNCA

TLR4

PRKCA SRC PPARA

ESR1

5 AR DR D0 AE PPI M4,
KEGG Pathway

Pathways in cancer 4 ]

Fluid shear stress and atherosclerosis -

~logo(pvalue)

l-‘{)

30

Bladder cancer 4

Toxoplasmosis 4

20

Pathways of neurodeg ion — multiple di
10
Diabetic cardiomyopathy 4
yopaty count
®
Serotonergic synapse .

30

@ «

Transcriptional misregulation in cancer 4 . 50

Calcium signaling pathway +

Antifolate resistance 4

5 10 1S 20 25
Enrichment

6 FHEiF8T DR IS KEGG BRE&E S,

25 #HRiHATT DR AR GO EES  AHCHTIH T
DR 19 GO & 4R A& R R W, £ 591697 DR WA W)y ad
& (biological processes, BP) 3= % ¥ K X 48 i S5 Wt i) 9 47
(regulation of inflammatory response) F& 7 PN ISE T AY IE
W45 (positive regulation of programmed cell death) .2 }fd i
1) 1F [1) P 5 ( positive regulation of cell migration ) 55 ; 25 5

ZEYE DR AT 24 2H 53 ( cellular components , CC) 3= ZAE
HF Z K & & K (receptor complex ) | 40 Md & #% F X
( perinuclear region of cytoplasm) fE/% ( membrane raft) .
ZTCANE A (neuronal cell body ) %5 ; 25 53 /£ 1 F DR 43
FH: )% I BE ( molecular functions, MF) 32 2 )& I8 35 &1k
i JREEIS 1 (oxidoreductase activity) 2 P PR 2 T e Tl 1
(protein tyrosine kinase activity ) & 15 £ Fh il 4 5 55, UL
K7,
2.6 IR FH R HH S #EEH T rRMECs # P-STAT3/
STAT3 % P-ERK/ERK RiA 8 il KEGG il i i 4%
WM , 25517 6 DR fix 2 2 e PR (5 S i,
JoE A5 538 % 2 ZE A HE % ] F kB (nuclear factor kappa—B,
NF-«B) | i Ji5 Bt JJL i 3 — 33 i ( phosphatidylinositide 3 -
kinases, PI3K) /22 2 R — 75 & B 25 [ 4 ( AKT) \MAPK |
1% S R E 1 B4 (janus kinase, JAK ) —STAT %4k 4= K [H
F—B(transforming growth factor—B, TGF-B) &5, BRAWFIE
H L FRATE 2563 25 521 v M PI3K/AKT 15 538 #% ) 1
T AR S = 28 55 % (RMECs 185 /8 89 451475 , M3 i TGF-B
155 e R R P B A0 T A i T R R
N WCE I BEAE R M B A R, AR BE PPT 4
STAT3 \MAPK A2 #i 50 17 WA DR A% 0 48 5, JAK/
STAT MAPK/ERK {5538 %%t DR AYE A 55 X,
R, AR AFFE R FH Western blot 32 %5 40048 5 STAT3 5
MAPK T ERK #EA750E, 4R WK 8 frz, CG 4 K i
I S5 AR 145 PN 2 40 MY P — STAT3/STAT3 P - ERK/ERK
BRI 0.19£0.03.0.40+0.07, £ HG 4P J5,

RMECs fi) P—STAT3/STAT3 .P-ERK/ERK ik & & & T+
B E 0.62+0.08 .0.77+0.11( 3 P<0.05) ; 5 HGC A AHIL,YG
ZHY0 M P -STAT3/STAT3 . P-ERK/ERK £ ik B F B E
0.39+0.04 ,0.57£0.04, 2 5 HA G115 2 L (¥ P<0.05) .
3itit

i 5V AR AR 44 T R A R #UEIA YT R0 DR Y
20077, BA AP I LB 4% 2 Yy, HT I 2 TG R
Y EAFSE H A B e & DR R A RCrE ) BE Rl iF
FEIR 2% B H v 8 DR KBRS AU v o — 0 ) 5 R i
(iBRB)Z#'"" , ARG AE R TAE R AL L, R A LC-
MS [ 25 245 B2 Il Western blot #H %5 & 1 7 i, ik — 4 %
5 S AIRYT DR WA SO SR IALEEAT T RGERT,
Sy s 2GR e E SR AL S AR

PPI Tk, t8 A A F DRIGIF S 2 S
TNF .EGFR STAT3 MMP9 MAPK #H 3¢, Ilfii R fF 5% 3 52,
TNF 7E DR A2 R AR 5 2 | 2 1 TS o g 1Y) o 2 4
S MMPO 2 55 400 X ol ot A 35 JEG 94 A, - ik 2 0 I
AR 0] MMPO &3 ] £ 3 0 190 JiES £ 1t %
ZEFg?Y  EGFR . STAT3 \MAPK % Ji% ( Jt. H /& ERK) 7F DR
TR S 5 RORE RN A0 I BE A R T I R A A B
TERRE ORI PRI I i T A B0 S A N
FEFEIAME ERK 35 1L € 5/ H ek 22 1 45 9 0 o R A v
FIH AU PPT S5 KW, 25 5014 16 P4y N TNF
EGFR .STAT3 MMP9 MAPK “5#H B AEF, 32 Bl 25 5t 1% 8
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ERK

P-ERK |- --|43 kDa

E 8

Cellular component

msiAiAaTr DR R GO EEA 1,

MR EARIE

Molecular function

1.0
B3 CC4l
0.8 | =31 HG4L
a =3 YGYL
0.6+ T
a
a
0.4+
a
oL
0.0~ T

P-STAT3/STAT3 P-ERK/ERK

HRIAHXE AKX RN R MIE X EAMEEXEBRENFN  GAPDH . BERR H M I UG ; STAT3 {5 544 3 R S0
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